INTRODUCTION
Adenocarcinoma of the gallbladder has historically been considered an incurable malignancy with dismal prognosis due to its propensity for early dissemination.
Complete surgical resection with tumor-free surgical margins, especially in the early stages of the disease, offers the only hope for long-term survival and is considered a standard of care. Thus, accurate identification of the extent of disease is an important diagnostic consideration for therapeutic decision-making of gallbladder cancer.
The presence or absence of lymph node (LN) metastases is an established prognostic factor in patients with resected gallbladder carcinoma [1] [2] [3] . Patients with LN metastases have a significantly worse survival than patients with node-negative disease [4] . Most Eastern surgeons and even some Western surgeons have adopted radical LN dissection for this disease and have reported the beneficial effect of nodal dissection on survival and some long-term survivors with nodal disease [5] [6] [7] [8] [9] [10] . Thus, it appears that radical LN dissection plays a critical role in the surgical management of gallbladder cancer.
Increasingly, the idea that an inadequate number of LNs examined may adversely influence on survival and lead to understaging of various gastrointestinal cancers is being recognized [11] . Rather, evidence in the literature that is based on other malignancies demonstrates that the actual number of LNs evaluated had an effect on survival [12] [13] [14] .
In fact, most studies have demonstrated an inverse relationship between the number of LNs examined and overall survival. Moreover, the ratio between metastatic and examined LNs is an additional recent prognostic factor in different gastrointestinal malignancies [15] [16] [17] . Le Voyer et al. [14] analyzed data from patients with stage II and III colon cancer, and reported that the lymph node ratio (LNR) was an important prognostic factor even after adjusting for other parameters such as tumor stage, grade, and histology. Marchet et al. [18] and Pawlik et al. [19] also demonstrated that LNR was an independent predictor of survival in gastric cancer and pancreas cancer, respectively.
In the light of these considerations, the aim of the present study was to evaluate predictors of tumor recurrence and survival in a large, mono-institutional cohort of patients who underwent surgical resection for gallbladder carcinoma, focusing specifically on the prognostic value of LN status and of LNR in stage IIIB patients.
METHODS

Patient population
Between 2004 and 2011, retrospective data was collected from 144 consecutive patients with gallbladder carcinoma who underwent laparotomy at Chonnam National University Hwasun Hospital. Fifteen patients who underwent palliative surgery or a resection with microscopic or macroscopic residual tumor were excluded, as were six patients who underwent exploratory laparotomy because of peritoneal seeding (Fig. 1) . The remaining 123 patients who underwent a R0 radical resection for gallbladder carcinoma were included. Demographics, operative details, and pathologic details of the 123 patients were recorded.
Operative details
The operative procedure basically consisted of cholecystectomy, regional lymphadenectomy, and resection of the gallbladder bed with a rim of the adjacent liver tissue.
Cholecystectomy included the removal of the entire connective tissue lying between the gallbladder and the liver parenchyma. Lymphadenectomy included en bloc clearance of cystic duct, pericholedochal, hepatic artery, portal thesurgery.or.kr 
Pathologic examination
Primary 
Follow-up
Follow-up comprised physical examination, laboratory tests including tumor markers (carcinoembryonic antigen, cancer antigen 19-9), and imaging study including abdominal ultrasonography and computed tomography. The sites of recurrence were recorded only when a lesion was visible at imaging and was classified as loco-regional (liver resection margin, hepaticojejunostomy, or regional LNs), distant (liver, peritoneum, or systemic), or both. Disease-free survival (DFS) was calculated from the day of surgery to the time when recurrent disease was first detected. Death of patients was defined as disease related or due to other causes, in order to evaluate disease specific survival. 
Statistical analyses
RESULTS
At a median follow-up of 22.8 months (range, 3.1 to 100.7 months), the overall cumulative DFS rates of the 123 patients who underwent radical procedure for gallbladder carcinoma were 65% at 3 years and 63% at 5 years.
The overall cumulative survival rates were 67% at 3 years and 60% at 5 years. There was no perioperative mortality.
The median DFS time and overall survival time were 16.4 months and 22.8 months respectively.
Sixty six patients (67%) were node negative patients and positive LNs were found in 33 patients (33%) among the 99 patients who underwent LN harvest. Twenty six patients were included in the pN1 group and seven patients were thesurgery.or.kr Values are presented as number (%). 
Factors influencing DFS in patients with radically resected gallbladder carcinoma
On univariate analysis, factors associated with worse DFS included nonwell differentiated histologic group, presence of lymph-vascular invasion, presence of perineural invasion, T-stage more than T3, LN involvement, higher N stage, and higher LN ratio ( Table 2 ). The significant univariate variables were entered into Cox regression multivariate analysis; high T-stage group and LN ratio remained as independently significant variables.
Patients in the T3-T4 group had a median survival of 6.97 months compared with a median survival of 21.4 months for patients in the T1-T2 group. The T3-T4 patients had a nearly 3-fold increased risk of recurrence (HR, 2.998; 95% CI, 1.392 to 6.458; P = 0.005) compared with patients in the T1-T2 group. LNR was also associated strongly with prognosis. Patients with a LNR exceeding 0.5 had an almost 5-fold increased risk of recurrence rate (HR, 5.998; 95% CI, 2.576 to 13.962; P ＜ 0.001) compared with patients who had a LNR of 0 (Table 3) .
Factors influencing DFS in patients with nodenegative gallbladder carcinoma
Patients without metastasis to adjacent LNs (n = 66) had a 5-year DFS of 77.8%. Univariate analysis of risk factors According to the American Joint Committee on Cancer 7th edition. Includes moderate differentiation, poor differentiation and undifferentiation. Fig. 3 . Kaplan-Meier survival curves comparing patients in node negative disease with fewer than eight lymph nodes (LNs) examined to those with eight or more LNs examined. All the patients with more than eight LNs examined were not recurred, whereas patients with fewer than eight LNs examined displayed 5-year disease free survival rate of 73.7% (P = 0.087).
for than patient with fewer number of LNs examined, but the difference was not significant (P = 0.087) (Fig. 3) .
thesurgery.or.kr Values are presented as number (%). HR, hazard ratio; CI, confidence interval; LN, lymph node.
Fig. 4.
Kaplan-Meier survival curves according to the lymph node ratio in patients with stage IIIB gallbladder cancer. Five-year disease free survival rate was 75% in patients with a lymph node ratio (LNR) ＜ 0.5, but the median survival time was not reached. The 5-year disease free survival rate was only 10% with a median survival time of 8.5 months in patients with a LNR ＞ 0.5 (P = 0.003).
Factors influencing DFS in patients with stage IIIB gallbladder carcinoma after radical resection
All N1 gallbladder cancer patients with T1-T3 tumor depth were classified as stage IIIB in the AJCC 7th edition.
According to the classification, T4 and N2 were included The present study revealed that the survival rates of patients with node positive gallbladder carcinoma are worse than those of node negative, although LN metastasis itself had insignificant prognostic power in multivariate analysis. LN metastasis is consistently one of the strongest predictors of poor outcome in patients with advanced gallbladder carcinoma [4, [26] [27] [28] . Few Western reports have described long-term, disease-free survivor who had lymphatic metastases [26] . In contrast, Japanese reports showed that the prognosis of patients who had LN metastasis limited to the LN within the hepatoduodenal ligament is improved by LN dissection [5, 27] . In our study, 5-year survival of node negative patients was 80.3%, whereas that of Recent studies have also demonstrated the influence of retrieved LN counts, metastatic LN counts, and LNR on survival of patients with gallbladder carcinoma [29, 30] .
Presently, the survival of N0 patients who had fewer than eight LNs evaluated at the time of operation tended to be shorter than the survival of N0 patients who had at least eight LNs examined (Fig. 3) . Negi et al. [29] also reported that N0 patients with fewer than six LNs had worse prognosis. The total number of LNs examined in presumed N0 patients, therefore, appears to be an important prognostic variable. Specifically, N0 patients who have fewer than six to eight LNs examined may be understaged due to an inadequate LN evaluation. Despite the lack of statistical significance in the current study, the strong trend was seen in both the current study and the study by Negi et al. [29] , as well as the established biologic plausibility of this concept based on other disease sites.
In contrast to N0 patients, in N1 patients, the total number of LNs evaluated was not an important prognostic variable. The presence of LN metastases was such a strong prognostic factor that it probably outweighed any prognostic effect of the total number of LNs evaluated. 
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